1. The effects of Ca2+ ions and the nutritional state of the animals on the distribution of soluble protein between the medium, cytoplasmic and particulate fractions after incubation of rat-liver slices have been studied. 2. The Ca2+ions decreased the leakage of cytoplasmic protein into the medium and increased the loss of protein from the particles; the effects were more marked with livers from starved animals and animals fed on a low-carbohydrate diet. 3. The results obtained for protein were confirmed by measurements ofthe changes in distribution of compartment-specific enzymes, and these indicated that both the cytoplasmic and particulate fractions contributed to the protein found in the medium. 4. EDTA decreased the loss ofprotein and enzymes from both the cytoplasmic and particulate fractions; this effect was independent of the Ca2+ ion concentration. 5. The inclusion of pyruvate, succinate or citrate in the medium had no marked effects on the leakage of protein.
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The presence of Ca2+ ions in the incubation medium is known to decrease the loss oftotal nitrogen (Bermheim & Bernheim, 1946) and protein (Kaufmann & Wertheimer, 1957; Mellanby & Williamson, 1963 ) from rat-liver slices. To obtain more information on the nature of this effect, both the leakage of protein into the medium and the intracellular distribution of soluble protein has been studied in this present work. In addition, the activities of several enzymes have been determined in the incubation medium, and in the cytoplasmic and particulate fractions of the liver slices, to discover the source of the protein released into the medium. Lactate dehydrogenase and aldolase were chosen as cytoplasmic enzymes, glutamate dehydrogenase as a mitochondrial enzyme (Delbruck, Schimassek, Bartsch & Bucher, 1959) and glutamate-oxaloacetate transaminase as an example of an enzyme that occurs in both compartments of liver cells (Eichel & Bukovsky, 1961) . Further, in view of the greater loss of protein from liver slices of starved rats observed by Kaufmann & Wertheimer (1957) , the influence of the nutritional state of the animals on the action of Ca2+ ions has also been investigated.
Incubation technique. The rats were killed by a blow at the back ofthe neck, and the livers were excised immediately and placed on ice. Tissue slices (0-3-0*4mm. thick) were cut free-hand and transferred to a Petri dish containing ice-cold saline medium (see below) and left in the saline medium for about 5min. The slices were then blotted on filter paper to remove excess of saline medium and weighed on a torsion balance. The weighed slices (60-80mg.) (Kline, 1949; Gassner & Wertheimer, 1961 (Delbruck et al. 1959) at least 95 % of the total activity of this enzyme was found in the particulate fraction from unincubated liver slices, and therefore any increase in glutamatedehydrogenase activity in the cytoplasm plus medium after incubation must be due to loss of enzyme from the particulate fraction. The rate of appearance of glutamate dehydrogenase in the medium plus cytoplasm was the same for slices from fed and starved animals (1-5units/hr./g. fresh wt.) incubated without Ca2+ ions (Fig. 3) . As with the protein loss from particles, Ca2+ ions increased the rate significantly (liver from fed animals: 2.3 units/ hr./g. fresh wt.; liver from starved animals: 2 1 units/ hr./g. fresh wt.).
As mentioned above, one ofthe effects of Ca2+ions was to maintain the concentration of protein found in the cytoplasmic fraction during the second period of incubation at values nearer to those of unincubated slices, and this effect was even more pronounced with glutamate-oxaloacetate transaminase, which in unincubated slices is distributed between the cytoplasm and the particles in the ratio 1: 4. The changes in distribution of this enzyme on incubation are given in Table 1 . The results show that after the initial equilibration period (40min.) the concentration of glutamateoxaloacetate transaminase in the cytoplasm actually increased in all cases except for slices from starved rats incubated without Ca2+ ions (decrease of about 20%), although the amount of enzyme found in the medium at the end of the incubation was greater than that originally present in the cytoplasm. Plots of the loss of glutamate-oxaloacetate transaminase from the particulate fraction against time showed that the rate was similar for liver from fed and starved rats (11 and 10 units/hr./g. fresh wt. respectively), and the presence of Ca2+ ions increased the values slightly (14.5 and 12-3units/hr./g. fresh wt. respectively).
For the remainder of the experiments reported below it was decided to incubate for a fixed period of 120min., although this had the disadvantage that changes in rate of protein or enzyme distribution leakage of lactate dehydrogenase under the same conditions, whereas citrate had a marked effect only with liver from starved animals (in the absence of Ca2+ ions), and succinate had no effect. However, with glutamate dehydrogenase and glutamateoxaloacetate transaminase, the situation was reversed; succinate and citrate caused a marked decrease in the leakage of these enzymes and the effect was independent of Ca2+ ions and the nutritional state of the animals, whereas the addition of pyruvate caused either a much less pronounced or no decrease in leakage.
Effect ofEDTA on the distribution of soluble protein and enzymes. EDTA might be expected to increase leakage of protein from slices, since it is known to alter the permeability of cells, and this is generally assumed to be the result of its reaction with Ca2+ ions (Wu, 1959; Zimmerman, Devlin & Pruss, 1960; Kalant & Miyata, 1963) . In the absence of added Ca2+ions, EDTA (1 mM) lowered the oxygen uptake, but, surprisingly, this was accompanied by a decrease in protein leakage into the medium (Table 4) . Perhaps even more surprising was the fact that in the presence of Ca2+ ions the addition of EDTA caused a more pronounced decrease in protein leakage than in their absence, indicating that the decrease was the result of the action of both Ca2+ ions and EDTA. The other marked effect of EDTA was to maintain a higher protein concentration in the particles and this was independent of Ca2+ ions (Table 4) . These effects of EDTA on protein distribution were confirmed by the results obtained for the marker enzymes, since leakage of lactate dehydrogenase and glutamate-oxaloacetate transaminase into the medium and the amount of glutamate dehydrogenase found in the medium plus cytoplasm were decreased by EDTA (Table 4) . DISCUSSION Although previous workers have studied protein or enzyme leakage from rat-liver slices (Kaufmann & Wertheimer, 1957; Gassner & Wertheimer, 1961; McLean, 1963) this is the first study in which changes in the intracellular distribution of protein have been measured. The incubation of liver slices resulted in loss of protein and enzymes from both the cytoplasmic and particulate fractions; the magnitude of the losses was dependent on the concentration of Ca2+ ions in the incubation medium and on the nutritional state of the animals. In confirmation of the work of Kaufmann & Wertheimer (1957) the loss of protein was greatest with liver slices from starved animals and animals fed on a low-carbohydrate diet incubated in a Ca2+ ion-free medium.
Attempts to increase the protein loss from liver slices from well-fed animals by incubation in media containing Ca2+ ion-chelating agents (citrate or EDTA) were unsuccessful. This is surprising, since Kalant & Miyata (1963) found that slices from rat livers previously perfused with Krebs-Ringer phosphate containing citrate or EDTA lost more protein into the medium than did slices from untreated livers or livers perfused with Krebs-Ringer phosphate alone.
The net effect of the addition of Ca2+ ions to the incubation medium was to maintain the ratio of cytoplasmic to particulate protein at a level similar to that of unincubated slices, although there was a decrease (about 27%) in the total soluble protein found in the two fractions. The ability of Ca2+ ions to maintain the concentration ofprotein in the cytoplasm at higher levels appears to be due to two opposite effects: Ca2+ ions decreased leakage of protein into the incubation medium but increased protein loss from the particles. An analogous situation occurs with the leucocidin-treated leucocyte, where incubation in a Ca2+ ion-containing medium resulted in decreased leakage of aldolase but increased extrusion of ,B-glucuronidase from the leucocyte granules (Woodin & Wieneke, 1963) . This selective action of Ca2+ ions in decreasing the permeability of one membrane while increasing that of another is illustrated in the present work, where leakage of a cytoplasmic enzyme, lactate dehydrogenase, into the medium was considerably lower in the presence of Ca2+ ions, whereas loss of glutamate dehydrogenase from the particles was higher. It is possible that this greater loss of protein from the particulate fraction in the presence of Ca2+ions may be connected with the well-established effects of these ions on the permeability of isolated mitochondria (Tapley, 1956) .
The results of the present study suggest that the increased ketogenesis (Mellanby & Williamson, 1963) and gluconeogenesis (Krebs et al. 1963) observed with tissue slices (liver and kidney respectively) from starved rats and rats fed on a lowcarbohydrate diet when incubated in a Ca2+ ioncontaining medium are probably due to the action of Ca2+ ions on membrane permeability and not to a direct effect of the ions on the activity of a particular enzyme. These diverse metabolic effects of Ca2+ ions are most likely to be the result of the maintenance of the intracellular distribution of enzymes and nucleotide cofactors.
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